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MATCHINb THE RF QUADIUMJLE BEAM TO THE DRIFT TUBE SECTION lh THE FMIT MC: LERATOR*
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S!!!!!w
The bean produceo By the Fusion Materials

Irradiation Test (FPIIT)radio freauency quadruple
~RFQ) accelerdtlng structure must be mdtched to
the drift-tube linac (OTL) structure that foliimt.
Because minimum beam spill Is a primary concern, a
matching criterion that considers the beam edges

as well as the MM properties is neeoeo.
he flared the RFtJ’s vanes and adjusted the

strengths ot the first four quadruples In the DTL
to achieve optimum performance awrlstream. km*ri-
Cal IIWtl’Iods uses to Set the quad gradient%, anu
smne experience with vwlous matching criteria are
L!escrlbto. The matcn ticnldved is con,par~c hitn
matches Obtalnca tIyOtner methods,

Introduction

Tn~ oe~twun beam en,crging from the [KIT RFCI
II&5t bt P.dtChkil tG the fal]biblngdrl?t-tUb~ sLW-

tlorl. lLI SaVe spdce the match 1s accompllshkd by
uslny tw tirst four quaarupoles of the arlfL-

tu~e section; no attempt is maae ta imwrove thti
Iongltuolnal nlLLCtI, ban, spill 1s of ovrrrldtny
Importance In Ft41Tbecause hanas-on malntendnct 1s
Oes\rea. ~ellCe tI’Ie Qt,ldllty Of the MdtCh 1S hlyhly
i~ortant. The RFu output Kam is no: inherently
IlidtCh&(l to tfle drift-tube section for two redsons.
First, the focuslns period in the ltF&1s ai, while
lt IS 2-A in the drlfL-tube sections. Lrcunti,the
Lral,$versetsedm alnknslons in the hFQ cannot bu

eXbeCted ta be ttIOSe thdt produce the best bcw in
the dc~elerdtor’s downstrem sectlan.

Ihe fk:T IJILde~ign is based on dn assumed hFIJ
uutput twhi fldvlng the n~!nal parmtew: Hkek
tn~rtiy; u.b~b cm.mlda unrwnmdlll:d transverse totdl

elllttdnce, in botn B awl y; ●25 phdw tpredu; dlMJ

U.~-lwV tnerg~ s}rra. lht synchronous phdM’ I%
tapcrwl from -40 10 -3LI” in tlw ?lr~t Zt crll$,
tnun hcla con$tant. ltw dccelerdtlny grdalen! 1>
cunstant dt 1.4 MVlm.

pWSdP$ the nmsl UWdl matchtm: method WUIU
ke t~ n,alth tflP rns Lukrd, t-$nydFr ●’% dh: $’5 tD
lne rebyultements of the b~l at d partlculdr point.
!hls hat Ucme, but the tutal Wan 5tl@ ObtdlneU Wd$

wtdtlsfdctorlly ltry~c Lining nmrc lnfomdtlw
Cbuut ham pwfur%dnc@ ovw a WIIVIQ Scctlon G! thv
duw:l~lream blL rFs”lt@a in d mb(h sm@gth@r Mdt(h.

~lsu, b) ln~lutlng maslmum b~cm ~.te as pdrt af thr
crlterlon, wc ww~ cblp, in $lR”ldtlOn stuule$, lLI

tchltve a smd]lcr maBlmU-b@m stze wtth Ittt Ir
ch411yQ III the rn,l propkrtle%. ihe prac~durt WU
wmu obtprvdtl~w} on rs~crlen~~ I llh It ●ill M’

prewnttia bel~.

bemm shoultl not be the RFQ’s ●ntire output but only
the part that represents the part of the beam that
1s “good.” We exclude any particles ●lth energy
too far off the synchronous energy; that is, parti-
cles with no chance to transverse the DTL.

He took the basic asswtion that any bea~
property chosen to make the MatCh must experience
a smooth transition, without wide ●xcursions, from
the entrance of lhe DTL to the point in the IITL
where the matching may be considered complete. 1 he

criterion for matching was basea on d group of bean
properties in the cells downstream from the mdtCh-
ing quads.

A least-squares optimization appraach 1s usrc.
Let there b? m properties 111 a gi~~n CEI1 tlat
~111 bt used to aetermine the nldtCh, and r, I!iIhII-

Strtdm cells lh which these m Drcperlles art t~ L.!
qtlnllztil. he then hdvd IM prOperLleS. P(utj - 1 I,

1 ~ i ~ mm, tG optlnllze. Select a smocth tunctlo~l

fb(v)~ (1 s us m. 1 s u : n), tc bihlcl tht Ltt

bedll pr~pwl.y 1$ to he flttwl. Uhly tnc Ljwrdl

fur-n cf this function is selected, (for e,ar;ls-,
Ilncdr). Its pdrdwters mill M Urtermlnva b) tlt
n values of thu Utn properl~ and the funct lL.IC So

determlnta then wIII be usea to detprnlnt lllL

aeslreo udlues of p(w). Thus nk first pass thr

beam ttlro+gh the Mdtching settion dfld thrcugh thr
n downstream CC1lS to flnu thr fit!, pr~p~r~ll.$,

p(m)- ana tht least-squd~es flt th th~, tJru.1

furktlurjs fu(w). From lhls w ~erlvk d s~t cf

mn dt.ldt 10115 of the propwt ’.p$ from tlwlr d~$lr~u

Vdlues, al =P, -f Jv). Let Ml bt the wlqf,l t~

hti IJlWrI to the Uth prope!ty in thr Wtl,crli.
be aef tnt the vector a b)



was clone to accomplish the match with the RFQ. Me
founo that same of the matching section quadru-
$mle strengths were higher than desired when the
6!FQ maintains a constant dimensionless tocusing
strength, B, in its accelerator section. He knew
thdt an increase tn beam Size between the RFQ and
the bll was required, because of the aoubling in
the transverse perio(licity. To accorrunoaate some
of tfvis before the ‘,latching quads, we flarea the
accelerating section of the RFQ slightly and found
tnat the required graoients in tne DTL matching
quads decreased. Such flaring has become part of
the present proceo~re. Figure I shows a plot of B
versus the IJTL mdtchlng quacl strengths,

was chosen as t = 1/(1 + k/1), where I is the num-
ber of the iteration and k a constafit entered into
the code as input data. (k = 0.1 is gooa for quick
movement in early stages, k = 0.001 is sometines
used if the beam 1S thought to be close to the

minimum size.)
Tne choice of n, the numb~r of cells in which

criteria are to be m?t, was also eaamlned over a
rdrlge of n ■ 7 tO 1, = 47. In general, :he mere
cells used the better the match, as juaged b} tnt
bedm profile; however, the improvement obtaine: L,
using more than 27 cells was not great, Eeca~se
the code running time is a line~r function cf t~t
value of n, we chose n . 27.

iielg~clng was dane so that



Case

IA

Ib

llA

IIPI

Ill

Iv
VA
VB

Table I

DE5L.lilPTION OF MATCHING GASES

Input Max Weight Match To

RFQ 1
RFQ o
Uniform ?

Uniform o
kFQ
Uciforrn
Uniform ● extra i
Uniform + extra o

27 ce]l~

27 cells
27 cells
27 cells
a’s, 0’s
0’5, 6’s
27 cells
27 cells

Cases VA and vB: These two ca,es w~rt uspa
to exam,lne tne=~ of weighting on a feb par-
ticles placed Htll ~~tslae the bunch tr~nsversely.
H ur,lfornl input *as used, with matching Lo tne rms
ana Lo the md,irr,ul:,busts and balsts lr Z: ao~n-
strtall cells.

All cases rcpre~ent possible methoos of mdLch-

lng. Lase IV 1s perhdps a stanadra tcchrlquem

tie used twL crlterla to ]uoge the qudlltj of
the nidtcl).First, [he bedm must be “s.mtiotl,,”hltfl-
Ubt ldrgt clfdnge> In size 1~ or after ttlr flljlchlrtg
secclon. Srwothnes$ can be Juayea by lcm~ing at
p!~tlle$ dna cdn be QJdl!~lZeG by cdlcti13tlny tilt

>tdr,Udra Czf?VldtlOn (o) Of tnt MaAIE,dl and ~~ rddll

of tile btdm as It pa’~r> tnrouyt all tti~ cells of

the LIIL. The secona [Il[erlon useo ~as bran sIz?.
TmS 1$ quantlled cxy cdlLuldting the averdge ma~l-

mun raJlus, ‘Mdxo dnu ~h~ tver~9e ~ls rddlusl ‘rms.

For alrdct com,pdrlsun of Ldies I-IV, we pd\S.rCl lhe
hl~ lWJt bed? tnruuyh Il,e enllrl DIL tuI CdICu-

ldLt-ti thcisr Guantltles, Il.Ca$ei VP .PJ Vb, khtre
br were lnl~re~tea only In seelny tt)t eftect Of

*elytltlng the mdllmuns, de usecI a unlfom input
$upplul’<,nted by hd]u part lc)e!..

Id: IC Ii suvi-drlle> lfm re>tilt> cltrtallltiGfor
[W’ I?lght Cd>r>.

Ill— VA*—

I,!)!)4J

LJ. ,f3Y.l

U.lll:(tr

LJ.wlf)lu

IIh—.

VII””.—..

1,11’$5

t)./e7l

U,ul l);

b.(ml15b

Cdses 1A and IB are cledrly the best of the
SiX Comparable input cases. There is negligible
difference between Case 1A and lB. Our experience
suggests thdt this is due to the Oelitxerdte exclu-

sion of particles with energi:s >0.09 fleV belo~
synchronous energy. Uhen particles of slightly
Ioher energy are kepL, the mooerate use of a m#xi-
murt weight seems LO give d smaller r,max thdn the

use of the rms values only.

Comparison of Gases 11A and IIB shows t,lat
when uniform in~ut is mdtched to 27 dowr,str~an
cells, there is some sllght advantage to using tt,t-
md~imum values ds well as the nns vdlues. LJbbl-

Ously a uniforn dpproxir,dtlon to the RFQ Input
gives neither ds sn,all nor as smooth a be,m aS trd~

RF(j input. This 1S true even when the mdtcl, IS

mdae to the ~’s dnd B’S needea at C(1I 4, as see,
by com~arlng Cdses Ill drla IV; t+?rtfc<e, t!,.
cllstrlbutlon shdpr can be lr(por[ant In a~t,lt.1,
the best match.

compdrlso~ of eltner 1A Fr lr tLJ 1.>: i:;

sho~s that rrltchlng tO a single sti[ If o’! all’: t’<

r~sults In d bed~ s~f)stan[lally ldrctr 1! r.,, ,cl;

sl~e dncl son,emhdt ld!ger in ~S SIZt’. IL 1:, ,::!. L

r,ol nedrly ds sn,outtI.

The effecl of uslny or not uslIg trc PJDI ..-

bdlues when part cleS are well 0“:51<( :),

eh~l?clecl ln~ut 1s ebdr lnc-cl 1!1 [d>t< t- (),N h:.

Frorr Tdble II, lt appedr5 thdt u!.lIlg @rI]) ttr- r“”

valu(-> (Vb) produce$ d 5H,,+; )pr d~,c SII:L, :t,!r- Llt ,+- .

tikewer, in thlS Cd$e, Lhk “hd]G” bt lntrOC,iCe,. hd,

lost in the CJTL; whereas, when the Iha?lfl,d w?ru u5r.;

In cletem,lnlng the mdlcll, these hdlu pdrtlcle~ wfrr
trdn$portud through. It hds Men IIf)ted dt LLh”:i

thdt rms properties alone dru insuff lclerll t!
dchle’,c tht ]ONeSt bean ]o$i; br,dils~ this tc’-

nlq,dr ,>”d)us halo part lcle~, lt r~~ pr:k( (s~K!,
~ruvlcldd ddeau.dte tlI@dSur&m61,tS 011 tt,o LJIL CdF’ LO

n ade.

Conclusions

h( hdv(, described tl)c led\!-$qL,3!l> Mtll,({:~!
u511d to mdtCh Lhe }Mll kf~ tzcdn to tht,[IIL. ❑ ,
rrdvr Lr,7LpflrPCl thl$ method kltlI o!hcr M!.tllo(f, [loll

u$e ap~ru~lmate pdrtlcle ClStr]1Jti!lClr5, Of I(!IS

lrlfurmet ion, anct we hd,~c shown trratour IW.TI,, I

res~ll!i 1 n a $maller, sm~otnrr het~ wh(, hJ1.
pdrtlclr% are iynt,recl. he ht+we %hown ll,dt tf,,’
n.t:thod 1> ~apabf~ of prc,vldlng d mdt(~, that r,!,
dl!:l~ hdl~l pd-tl~!r$ tO [rJVer~~ tho LTL.

T?Iw rn~>t con.,enlpnt featurf of c)r mfttli[, 1!,

that 11 i> unnrretsary to de[er~ln~, d L,rl{l!,

?ltner th{. prlorltl~~ Uf th@ hr~ input bed- or [!,

Cecf; ;ar, Lropclt lF\ UI a q,,, c L!i Iitti- !i r+. !

tl. [ HIIltL~I tJtCdd>C tlw ljt[<rrlrl,ltl L!r (f 1),,\,
prupcr[le) i< ln,l)ll( lt in th~ rRPthLIU.

4rfrrvr)cf,$.. —— __ _
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